Purpose: To analyze the eectiveness of a 6-month exercise protocol on shoulder pain experienced by wheelchair users during functional activities. Subjects: Forty-two wheelchair users, 35 males and seven females: average age of 35 years and an average duration of wheelchair use of 14 years. Methods: Subjects were randomly assigned to treatment (n=21) and control (n=21) groups.
Introduction
Early, eective treatment of the individual with spinal cord injury (SCI) has led to an increased life expectancy in this population. With lifetime wheelchair use, often exceeding 20 years, there is an increase in the prevalence of degenerative conditions associated with the aging and overuse of the upper extremities. 1 ± 4 Published estimates of the prevalence of shoulder pain in individuals with SCI range between 30% and 100%, indicating that this is a common and persistent problem for individuals with paraplegia or tetraplegia. 1 ± 11 The high prevalence of shoulder pain seems to be related to increased physical demands and overuse, in that wheelchair users rely exclusively on their arms for their mobility and transfers. 3 ± 5 Degenerative structural and physiological joint changes related to long-term upper extremity weight-bearing have been reported in subjects with paraplegia. 7 In addition to chronic degenerative changes, shoulder pain may develop during the acute rehabilitation period and persist post-discharge. 12 While shoulder pain may not initially limit the wheelchair user's ability to perform activities independently, it may have functional costs such as rapid fatigue, loss of endurance, decreased speed or eciency of movement, low tolerance for prolonged work or leisure activity and decreased cardiorespiratory endurance. Eventually wheelchair users with shoulder pain may eliminate functional activities that are associated with pain. 8 Tightness of the anterior shoulder musculature, combined with weakness of the posterior shoulder musculature both seem to contribute to development of shoulder pain in wheelchair users. 13 ± 15 Muscle imbalance around the shoulder may be further complicated by paralysis and spasticity in the individual with tetraplegia. 6, 14 Strong posterior muscle strength contributes to proper joint function and prevents impingement of soft tissue structures in the sub-acromial space. 13, 16 The rotator cu muscles exert a downward force which controls upward migration of the humeral head created by the pull of the deltoid muscles during humeral elevation. In addition, these muscles control the upward thrust of the humerus during the axial loading of wheelchair propulsion and upper extremity weight bearing activities. 13 Several authors have proposed interventions to prevent the onset of shoulder pain or to treat chronic shoulder pain in wheelchair users. 13, 15, 17 These interventions include increasing the¯exibility of the anterior musculature, including the pectoralis and biceps muscles and increasing the muscle strength of the weaker muscles in the posterior shoulder complex, especially muscle groups which control shoulder external rotation, shoulder adduction and scapular retraction. Although these interventions are used in several centers and training programs, ecacy studies have not been published.
The purpose of this study was to analyze the eectiveness of a 6-month exercise protocol on shoulder pain experienced by wheelchair users during the performance of activities of daily living.
Methods

Subjects
This pilot study involved a cluster sample of 42 wheelchair users recruited from the community, including 35 men and seven women with an average age of 35 (+8) years and an average duration of wheelchair use of 14 (+9) years.
The subjects entered the pilot study in two cohorts, the ®rst consisting of 24 wheelchair users with paraplegia, amputations or neuromuscular disabilities aecting only the lower extremities. The second cohort of 18 subjects included wheelchair users with tetraplegia or upper extremity paralysis. Subjects reported an average activity level of 26 h of work, 12 h of leisure and sporting activity, and 8 h of driving per week. They reported an average of 11 (+10) wheelchair transfers per day. Seventyeight per cent of the subjects were employed or fulltime students. Subject disabilities included SCI (n=35), amputation (n=2), cerebral palsy (n=2), post-polio paralysis (n=2) and multiple sclerosis (n=1).
All subjects used a manual wheelchair at least 3 h per week and had a neurological level (motor and sensory levels) at C-6 or lower, using American Spinal Injury Association (ASIA) guidelines. All subjects were at least 1 year post-onset of their disabilities. We excluded subjects that had experienced upper extremity fractures, dislocations or surgery during the study or within 6 months prior to their participation in the study. In addition, subjects were excluded if they experienced active medical problems which required hospitalization within 1 month of the initiation of the study or at any time during the study.
Instrumentation
A self-report questionnaire was used to collect demographic and medical history information and to assess the intensity of pain experienced during the performance activities of daily living. Collected data included age, gender, marital status, onset and type of disability, duration of wheelchair use, level of neurological involvement, frequency of wheelchair transfers per day, hours per week spent at work and/ or school, sport and leisure activities and driving, type of automobile driven, history of shoulder problems, presence and location of current shoulder pain, presence of other upper extremity pain, health care providers consulted and treatment received for shoulder pain.
We used the Wheelchair User's Shoulder Pain Index (WUSPI), a 15-item valid and reliable self-report questionnaire to assess the intensity of pain during the performance of activities of daily living such as transfers, loading a wheelchair into a car, wheeling up inclines, dressing, bathing, overhead lifting, driving, performing household chores, and sleeping. 8, 18 Subjects rated their intensity of pain during these activities on a 10 cm visual analog scale (VAS) anchored at`no pain' and`worst pain ever experienced.' The total possible score on the scale ranged from 0 to 150.
When tested for reliability, the WUSPI showed high internal consistency (a=0.97) and high test-retest reliability (ICC=0.99). 8, 18 In analysis of concurrent validity, the WUSPI showed signi®cant negative correlations with shoulder range of motion measurements of abduction (r=70.49),¯exion (r=70.48) and shoulder extension (r=70.30). 18 
Procedures
The subjects were screened to insure that they met study eligibility criteria. Subjects signed a consent form, in accordance with procedures approved by the Institutional Review Board for the Protection of Human Subjects. All subjects completed initial questionnaires and were then randomly assigned to a control group (n=21) or treatment group (n=21). Both groups were instructed to continue their daily activities as usual throughout the duration of the study. All subjects in both the treatment and control groups completed the WUSPI at the initiation of the study and every 2 months thereafter for a 6 month period.
Intervention
The subjects in the treatment group attended a 60 min educational session where they were instructed in ®ve daily shoulder exercises. The exercise program included two static stretching exercises to increase the¯exibility of the anterior shoulder musculature and three resistive strengthening exercises for the posterior shoulder muscles (see Appendix). Subjects performed the exercises indepen-dently in their wheelchairs using lightweight stretchable exercise bands for resistance. Subjects with tetraplegia used a webbing wrist strap, when necessary, to accommodate for weak or absent grasp. All subjects received all exercise materials and a written summary for reference at home.
The instructional session included an introduction to functional shoulder anatomy, purpose of the exercises, demonstration, and individual instruction on how to perform the exercises. Research assistants checked for correct performance of each exercise and gave each subject feedback with correction as necessary.
We instructed treatment group subjects to perform the stretching exercises twice daily, ®ve times each, with a 20 ± 30 s hold of each position to promote a prolonged muscle stretch and to perform the strengthening exercises once daily and complete three sets of 15 repetitions. We emphasized proper body mechanics to ensure correct execution of the stretching and strengthening exercises. Throughout the course of the study, subjects in the treatment group kept a log recording daily performance of exercises and any shoulder injuries or accidents which occurred.
Performance and problems were monitored by biweekly telephone calls between data collection intervals. Performance was reviewed, corrected, if necessary and reinforced at the 2 and 4-month data collection points.
Data analysis
All demographic data were analyzed using descriptive statistics. The age, years of wheelchair use and activity levels of subjects in the control and treatment groups were compared by independent t-tests. We compared medical history characteristics and prevalence of shoulder pain in the two groups by Chi-square analysis.
The WUSPI was scored by measuring the response on the visual analog scales for each of the 15 items. The individual item scores were then summed to give a total score. We recorded how many subjects marked the option of`not performed' instead of a score on the visual analog scale. Because some of the subjects with tetraplegia did not perform one or more activities measured in WUSPI items, we calculated a performance-corrected (PC-WUSPI) score for all subjects by dividing the raw total WUSPI score by the number of activities performed and then multiplying by 15. In this way, we were able to more accurately re¯ect the actual intensity of shoulder pain experienced during activities performed, rather than assuming equivalent activity levels in subjects with paraplegia and tetraplegia.
A repeated measures analysis of variance to compare the eect of the exercise intervention on the subject's shoulder pain (PC-WUSPI) scores over the duration of the study was carried out.
Results
At the initiation of the study, unpaired t-tests showed no signi®cant dierences between the control and treatment group subjects in age, years of wheelchair use or activity levels (Table 1 ). In addition, Chi-square analyses showed no signi®cant dierences between the control and treatment group subjects in gender, marital status, type of disability, level of spinal cord injury status, wheelchair, driving status and type of vehicle (Table 2) .
Over 75% of all subjects reported a history of shoulder pain and 64% reported hand or elbow pain since beginning wheelchair use. At initiation of the study, 50% of both the control and treatment group subjects reported current shoulder pain. Chi-square analyses of upper extremity pain and treatment history characteristics showed no signi®cant dierences between the control and treatment group subjects (Table 3) .
Over 80% (35 of the 42 subjects) completed the 6-month intervention. Overall, two subjects left the study due to medical conditions and ®ve subjects left the study due to time constraints, leaving 18 subjects in the control group and 17 subjects in the treatment group at the completion of the study. Three treatment group subjects sustained sportsrelated shoulder injuries while enrolled in the study and one of these subjects did not perform the exercise intervention for the last 3 months of the study.
The average initial PC-WUSPI score of the 42 subjects was 17.7 (+21.3) with a range of 0 ± 103.2 points. The change in mean PC-WUSPI scores over the 6-month intervention was calculated for the treatment and control groups (Table 4) . At the end of the intervention, the subjects in the treatment group had decreased their mean PC-WUSPI score by 9.3 points (39.3%), compared to a decrease of 0.3 points (2.5%) in the control group (Figure 1) .
The ten subjects with paraplegia in the treatment group showed a 48.3% decrease in their WUSPI scores, where seven subjects with tetraplegia in the treatment group showed a 27.2% decrease in shoulder pain. The eleven subjects with paraplegia in the control group showed a 18.1% decrease in their shoulder pain, and the seven subjects with tetraplegia in the control group showed a 8.8% increase in their shoulder pain (Figures 2 and 3) .
Analysis of the eect of the exercise intervention on PC-WUSPI score, using a two-factor repeated measures ANOVA, showed a signi®cant eect of time (P=0.048) but failed to show a signi®cant eect of treatment or an interaction between time and treatment ( Table 5 ). Figure 2 Ten subjects with paraplegia in the treatment group experienced a 12.1 point decrease in their performancecorrected Wheelchair User Shoulder Pain Index (PC-WUSPI) scores compared to a 1.5 point drop in 11 control group subjects with paraplegia. The seven control group subjects with tetraplegia reported a 5.5 point score decrease, compared with seven subjects with tetraplegia in the control group subjects who had 1.6 point score increase Figure 3 The intervention appears to have been maximally eective for ten treatment group subjects with paraplegia, re¯ecting a 48.3% decrease in their performance-corrected Wheelchair User Shoulder Pain Index (PC-WUSPI) scores over the 6-month intervention
Discussion
Shoulder pain is a common and persistent problem among wheelchair users. Wheelchair users rely exclusively on their upper extremities for their mobility and transfers. Muscle imbalance, postural changes, chronic overuse and repetitive trauma have all been implicated in the pathogenesis of shoulder problems in this population. 13, 16, 17 This may be attributed in part to the repetitive nature of the stroke pattern involved in wheelchair propulsion. 13, 15, 17 This repetitive movement encourages protraction and elevation of the scapula with relative internal rotation of the humerus. Pain often results as the soft tissues of the rotator cu become impinged in the narrowed sub-acromial space during humeral elevation, especially with abduction and internal rotation. 13, 16, 17 Weight-bearing during transfers and ambulation may add further stress. 7 This intervention addressed the above postural changes and related muscular imbalance, using the rationale that weak posterior shoulder musculature is unlikely to provide sucient shoulder stability to promote normal upper torso posture, normal shoulder joint movement or to prevent impingement in the sub-acromial space. Several authors have suggested posterior shoulder muscle strengthening to prevent this problem. 13, 15 Subjects in this study performed strengthening exercises for scapular retraction with shoulder horizontal abduction, shoulder external rotation and shoulder adduction.
Posterior weakness may be further exacerbated by anterior shoulder muscle shortening, promoting upper torso postural changes characterized by upper thoracic kyphosis, scapular protraction and elevation and internal rotation of the humerus. Subjects in this study performed two stretching exercises to address these postural changes. Limitations of the study Standardized treatment protocol This study, by design, tested the eect of a standardized intervention, rather than the eect of an individually-prescribed, problem-speci®c shoulder treatment program. We recognize that individual subjects may have had problems which involved degenerative joint changes, in¯ammation of the joint capsule or ligamentous laxity about the shoulder. In these cases, one could argue that there would be more appropriate treatment interventions.
We would expect an equal distribution of subjects with similar problems in each of the randomly assigned treatment and control groups. We did not perform individual evaluations on each subject and have no radiological ®ndings or other diagnostic data to con®rm or discon®rm this assumption.
Dierences in subject neurological function The findings of this study show a decrease in PC-WUSPI scores in ten treatment group subjects with paraplegia (748.3%) which is almost twice as great as that seen in seven treatment group subjects with tetraplegia (727.2%). These ®ndings may re¯ect dierences in neurological function, speci®cally in innervation of muscle groups from the C7 and C8 myotomes. Although all subjects with tetraplegia had C-6 muscle function they may have diered in the strength of muscles partially innervated by the C-7 and C-8 levels. We did not test our subjects to monitor the strength of each of the targeted muscle groups. It may be interesting in a larger sample to speci®cally analyze these possible trends.
In addition, subjects with paraplegia and subjects with tetraplegia entered the study as two dierent cohorts. Although we kept the intervention consistent between the two cohorts, history and environmental factors may in¯uence these results.
Longitudinal nature of the problem and solution In longitudinal research designs, subject attrition and noncompliance becomes a serious problem with increasing length of studies. We were able to retain over 80% of our subjects in this 6-month intervention.
However, the evolution of shoulder problems in wheelchair users is a long-term process and solutions to counteract such a problem may take in excess of 6 months. Thus, the 6-month termination of this study may have missed a continuing downward trend in shoulder pain scores.
In addition, this intervention appears to have a variable eect in the initial 2 months, where shoulder pain scores increased in the treatment group before decreasing at the 4 and 6-month measurement points. The documentation of an initial increase in pain scores is an important ®nding, as it may deter health professionals who are measuring treatment outcomes in this shorter-time interval from fully realizing the eectiveness of a long term intervention of this nature.
Self-treatment and compliance issues Since this was a home exercise program, subjects did not have the bene®t of professional personnel to oversee their regular performance of the program or to correct ineective or incorrect performance. Our ®ndings also re¯ect real-life constraints of motivation, time pressures and priorities in the lives of our subjects. The eect we saw in this largely self-administered intervention lends support to similar types of patient education eorts.
Clinical implications
Health care providers are forced to look for solutions which not only alleviate but prevent common problems at a minimal cost. This shoulder care program seems to be such a solution.
We propose that a simple shoulder exercise program, such as the one outlined in this study, becomes standard instructions for the prevention of shoulder pain in wheelchair users. Such instruction could easily be incorporated with other prevention instructions such as weight-shifting to prevent the development of decubitus ulcers or performing self range of motion exercises to prevent joint contracture.
Needs for future study Wheelchair users experience numerous musculoskeletal problems with aging. Sitting posture, wheelchair push stroke, activity and ®tness levels may all be related to the development of musculoskeletal problems and provide avenues for future research in this population.
In addition, the eect of a prevention program introduced at the initiation of wheelchair use may have value in delaying the onset of shoulder problems or minimizing the functional consequences of shoulder pain in this population. The incidence, intensity and duration of shoulder problems needs to be documented in relation to long-term prevention eorts. Finally, inclusion of more subjects in a similar longitudinal design would dampen the eect of a high intra-group variation on statistical power.
. Place lower forearm against doorjamb. You may hold onto the doorjamb if you would like. . Rotate wheelchair AWAY from arm until you feel a stretch in the biceps muscle.
. Repeat for 5 repetitions, holding for 20 to 30 seconds each time. . Repeat with the other arm.
